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THE EFFECT OF ARGON ION BOlvIBARDi"\IBNT ON 
THE ADHESION OF GOLD AND ALU!"'1Il~UM 
by 
Walter J. Zalewski 
.. 
. , 
Ion bombardment was studied as an effective means of cleaning 
:metal surfaces and removing contaminant layers. This cleaning 
allowed aluminum couples and gold couples to form bonds in thirty 
to sixty minutes without raising the temperature of the adhesion 
0 
zone above 200 C. In comparison tests conducted without ion 
bombardment cleaning, temperatures of 350°0, contact :forces of 
150 grams and exposure times of 172 hou.rs were necessary to achieve 
a similar bond, in vacuum. 
Micrographic and microhardness studies of the adhesion area 
indicate only slight annealing o:f the ion bombarded test piece. 
Comparison to a time temperature annealing study verif1y thermo-
couple temperature readings of less than 200°c in the bonding zone 
after ion bombardment. The joint is formed by isolated points 
of contact along an original interface which remains visible in 
micrographs. The thickness of the interface is much less for ion 
bombarded couples compared to thermal-vacuum joined couples. 
However, the latter are annealed much more as evidence by larger 
grain size and appreciably lower Vickers Hardness Number. 
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ABSTRACT 
Ion bombardment was studied as an effective means o:r cleaning 
metal surf..,aces and removing contaminant layers. This cleaning 
allowed alumir1un1 o.ottples and gold couples to :form bonds in thirty 
t:o. sixty minutes without raising tl1e temperature of the adhesion 
zone above 200°0. In comparison tests conducted without ion 
bombardment cleaning, temperatures of ;50°0, contact forces of 
150 grams and exposure times of4 172 h·ours were necessary to achieve 
a similar bond, in vacul.lm.. 
11riicrographic and rricrohardness sttid-;tes of t11e adhesion area 
ind:icate only s:l.::igl1t annealing of the ion bombarded test piece. 
,Qompariso11 to a time temperature annealing study verify thermo-
o ¢ouple temperature readings of less tr1an 200 C in the bonding zone 
after ion bombardment. The joint is formed by isolated points 
of' contact along an original interface which rerna ins visible in 
micrographs. The thickness of the interface is much less for ion 
bombarded couples co~pared to therma.1-vacuUin joined couples. 
However, the latter are annealed much more a.s evidenced by larger 
grain size and appreciably lower Vickers Hardness Num.ber. 
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PROCEDURES AND EQUIPMENT 
Ion Bombardment 
Two comprehensive references on ion bombardment and 
sputtering are Holland (19) and Berry, Hall and Harris (20). 
Although these texts were written with the deposited film 
as the important feature, they suitably. discuss the effect 
of the bombardment on the film source. This is of import-
ance here since surface removal is the purpose of our 
bombardment. In this way, we should create clean metallic 
surfaces and promote low strain adhesion. 
In our bombardment, or ''Cathode Sputtering'' an 
electrical dischatge is passed between electrodes 1at a low 
argon pressure. A schematic diagram is shown in Figure 1. 
The argon atoms are ionized and due to the favorable 
potential, these ionized gas molecules are attracted to and 
bombard the cathode. The effect of this bombardment is the 
slow disintegration of the cathode material. It is postulat-
ed that the impinging ions mechanically remove cathode 
material which exists either as free atoms or in chemical 
combination with atmospheric gas melecules. Since the 
bombarding atoms attack the exposed surfaces first, the 
adsorbed oxides and surface con~aminants are removed, leav-
ing behind free, thoroughly cleaned metal surfaces. 
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I~n Bombardment Apparatus 
The ion bombardment apparatus shown in Figure 2 con-
sisted of a standard twenty-four inch glass bell jar, two 
MRe v~4 vacuum collars, and a stainless steel baseplate. 
The vacuum pumping system included a Welsh 15 cfm mechanical 
pump for both roughing the chamber and forepumping a 
eve PMC 720 oil diffusion pump. The diffusion pump was 
connected to the baseplate through a eve liquid nitrogen 
cooled chevron baffle and a Ternescal gate valve. Rough 
vacuum gauging was done with Haystings thermocouple gauges 
in the diffusion pump foreline and roughing port at the 
baseplate. High vacuum gauging was done with a Veeco·RG21X 
gauge reading an RG75 tube connected to the vacuum collar. 
Also connected to the collars were the leak valves for 
admitting doping and ionizing gases as well as electrical 
and mechanical feedthroughs. Bellows sealed manual values 
interconnected the roughing port and diffusion pump fore-
line with the mechanical pump. The power supply for the 
ion bombardment of the samples was a eve Le-031 capable of 
5 kilovolt steady operation. 
I 
I 
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Ion Bombardment Procedure 
The metal samples to be bombarded with positive ions 
were wrapped on the ends of cylindrical ceramic insulators. 
The insulators were attached to the ends of push-pull 
feedthroughs at opposite faces of the vacuum collar as 
shown in Figure 3. To bombard the wire surfaces, free 
ends were brought in contact with the high voltage source, 
which in this case is the 7 inch diameter disc directly 
below the samples in Figure 3. An argon input to the bell 
jar was set to establish a foreline pressure of 30 to 50 
microns. By establishing and maintaining that foreline 
pressure, an essentially constant mass flow rate of ioniz-
ing gas was fed to the jar. When the argon flow was 
established, the high vacuum gate valve between the 
chamber and diffusion pump was wide open. In order to set 
the proper bombarding atmosphere, the high vacuum valve 
was throttled to raise the chamber pressure to 15 to 50 
microns. The argon pressure determined the ionizing 
current for a given seettng of the high voltage power 
supply and geometry of the samples. 1.In order to maintain 
a constant current, the gate valve was opened or closed as 
indicated by the ammeter on the high voltage power supply. 
During the pumpdown and ion bombardment of the samples 
it was necessary to lock the feedthroughs in th~ separated 
position. Otherwise, the atmospheric pressure difference 
. I 
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between the inside and the outside of the bell jar would 
force the feedthroughs toward the center, causing the 
samples to make contact before they were cleaned. The 
feed through shaft was 3/8'' diameter, so that with one 
atmosphere pressure difference, the force on each feed-
through was 1.62 pounds (730 grams). 
With the wire samples wrapped on the insulators, 
and while the ion bombarding glow was maintained, the 
feedthrough locks were removed and the samples were very 
slowly and carefully brought into contact. The contact 
fprce maintained on the samples was the above mentioned 
. i. 
one atmosphere pressure difference on the end of the 3/8'' 
diameter rods (1.62 pounds). This constant force was held 
while the ionizing current was reduced to zero and the 
high voltage removed from the samples. It was instantly 
possible by rotating the samples to determine if sticking 
had occured. It was not possible to determine the mag-
nitude of this adhesive force until the diffusion pump 
was valved off from the jar, argon admitted to the jar to 
equalize atmospheric pressure, and the jar removed from 
the baseplate to permit direct access to the bombarded 
sample. 
r-:-·, 
'· 
I 
I'· ... ' ' ~ 
I 
i 
---7 
,· 
10 
Materials Tested 
The materials tts·ed i_p ,OLlt te_sts vlere: 
.17,200 psi, purchased fror.a Little :Fa.1.:is Allo:/s, Inc. 
A p_hotom_i·cr·ogra-ph· of thei d raw11 .w.i're .,. F:·it1i:r~-· .9-., 
o-cc11:red. dttring ·t.he .ro1.1gh grinding .qf~ the sar:1p.ie :and 
Indu·stries. 
Gold Film .... 12,000 i gold evaporated over 4,000 £ titan:i,xu:n on 
unglazed, high a1u1nina, Alsimag substrat.es •. 
(Io_ppe::r - :.99%- Ou, evaporation g:rs.de. 
X{ick·e1 - 0.030n diameter, 99 .. _5% Ni, purcha:$>eo -r:r,ota Driver-Harris 
·.I-ni~b_iqI cleaning o'P the sarr:p:1·es was by :1.111rrrer·sio:n in · n ultra-
.:p •· 
.J...~ve: 
·m.i:nute.s. 
l,rr 
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i\'letallography 
Samples used for metallographic analysis were mounted 
in transparent, room temperature curing specimen mounts. 
The gold samples were final polished in a suspension of 
0.5 micron diamond abrasive and given a standard cyanide 
etch. Aluminum samples were final polished in 0.5 micron 
chrome oxide. The aluminum samples were etched for four 
minutes in a 0.5% solution of hydrofluoric acid in 
distilled water. This etch left a residual film which was 
removed by gentle swabbing in ammonium hydroxide. 
Resistance Measurement 
A part of the experimental program was the measure-
ment of the electrical contact resistance at the inter~ 
face of the ciossed wire samples. McNicholas and Keller 
(15) used the technique to measure the adhesion of iron 
wires as a function of load. They were able to detect 
different regimes in which the number of asperities in 
contact was increasing, plastic deformation of surfaces 
was occuring, and surface creep and bulk diffusion were 
underway. 
To measure contact resistance, the method described 
by Kisliuk (21) and shown by Holm (3), Figure 9.03 was 
used. This crossed wire technique is a 'particular type 
of four point de resistance measurement. In it, a 
current is passed through one leg of each of two crossed 
7 
_, . 
·~ 
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/ 
wires and emf measured across the other legs. In this 
way, the emf represents the voltage drop at the inter-
face of the two wires and from a known current, the contact 
resistance is calculated. To measure the emf, use was 
made of a Leeds and Northrup 8686 Millivolt Potentio-
meter with a built in null balance as a detector. Current 
was driven by a Model Rectifier DVIII transistor po1ier 
supply through a Clarostat Decade Box Power Resistor 
and a Weston 0-100 Milliammeter. 
':Y· 
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Vacuum Studies 
1; 
RESULTS 
There were tl1ree phases to: tlQ;e experimental work in this pro-
ject: bonding by exposure tQ v·acuum and temperature only, the 
behavior of electrical contact resistance with ti1ne and the in-
fluence of ion bombardment on adhesion. Since we were looking for 
a :l._ow .exercise metl1od of bondir1g me.tals, an obvious first choice 
,for J.i b~-s-eline was to ma.ke bonds by aim.ply exposing the metal 
couple to high vacuum at 1igh·t load and moderate temperature. 
The literature had sr1own that the dispersal of contaminating sur-
face; layers is necessary for the development of adhesion, and 
that vacuum exposure is su£~icient in certain cases for removal 
of the contaminants. Vacuum exposure therefore should promote 
rather than retard adhesion. 
A variety of materials, - all.lr.ninum, gold, copper and nickel 
wires, and ,gold films evaporated on high alumina substrates, were 
subjected to the environmental conditions summarized in Table 1. 
Temperatures ranged from 25°0 to ;ao0 c, the pressure was generally 
-6 
be low 10 torr, mecha:r1i cal loads were from 20 to 150 grams, and 
exposure times were as long as 172 hours. It is noted that only 
at the extremes of temperature, load and time did adhesion 
occur in tl1e metal samples. 
The scale by which bonds were classified as slight, weak or 
strong was based on the ability of the wires to withstand manual 
handling. If the bonded wires transmitted rotational motion 
•' 
14 
while wrapped on the cylindrical insulators but then separated in 
carefully sliding them off the insulators, the bond was called 
"slight". If the bonded wires were successfully removed but broke 
under their own weight or while being placed in a sample holder, 
they were called "weakh. If the bonds were handled, mounted and 
.pliotog·raphed without breaking, they weJ·e classed as '*strong". 
It can be noted from Table 1, that in our tests, the nickel 
never was involved in a bond and the copper bonded only slightly. 
Since we were interested in making bonds with minimum exercise, we 
eliminated tr1e copper and mickel frorn further consideration and exper-
imented with the aluminum and gold only. 
Figures 4 and 5 show the cross section of the bonded area. It 
is noted in Figure 4 that the alu1ninum bond formed without ion bom-
bardment has been made by contact across the interface in only isola-
ted positions. The inter£ace between tl-1e wires is still visible in 
the photograph. Another item of note is the annealing o~ the 
·a.luminurn wire as evidenced by the large equiaxed grains rather 
than the fine grains of the drawn wire. Figure 5, the gold bond 
formed without ion bombardment also has a clearly visible inter-
face wit11 isqlated. ·poi-tlts o:f contact.. The grain size here is 
much finer than. th.at of the· aluminum bond made under the same 
conditions. 
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While the temperature of the test is not prohibitive 
as far as electronic devices are concerned, they are 
higher than hoped for. Present bonding systems emploF 
temperatures in the same range, so that success in this 
test does not really reduce the thermal exercise of the 
workpiece. 
One facet of the investigation which yielded a null 
result was the attempt to bond the film surfaces of gold 
evaporated on alumina substrates to each other. Ceramic 
technology is not sufficiently advanced to manufacture 
quantities of large substrates with negligible waviness. 
The samples available to the writer were so wavy and 
warped that the only contact between the samples-was 
usually on the uncoated corners of the substrate. 
Resistance Studies 
A second series of tests was made in which we hoped 
to observe the generation and growth of metal to metal 
contact at the interface by measuring the contact re-
sistance. McNicholas and Keller (15) used the technique 
to study the adhesion of iron wires as a function of 
~oad. Their range of loads - up to 5 grams - was 
sufficiently low that the magnitude of the resistance 
was measurable. Under the higher loads of Qf our study -
up to 150 grams in static vacuum runs and 730 grams in 
ion bombarding runs - the deformation at the interface 
-------------------------
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was so large and the resistance so small that measure-
ments were insignificant. It was originally hoped that 
a plot of contact resistance with time would show two 
different~dand distinct slopes. - one while the contamin-
ants were dispersed from the interface and the other while 
the contact area grew. However, because of our high 
contact forces and low contact resistance, the techni-
que did not work. 
Ion Bo~bardment Studies 
The third series of tests were those which employed 
ion bombardment as the method for dispersing surface 
films and contaminant layers. Adhesion was developed 
in much shorter times than by exposure to vacuum alone. 
The behavior of the aluminum and gold touples were 
sufficiently different that they are treated separately. 
Aluminum-Aluminum Couples 
One of the materials studied was aluminum which has 
some interesting sputtering characteristics. One of these 
mentioned by Holland (19) is that the cathode • • 1n an 10n 
bombarding glow will normally lose both adsorbed gas 
contaminants and surface oxides if the bombarding gas 
is inert or hydrogen. However, Al 2o3 will not be re-
duced by hydrogen nor will it dissociate at high temp-
erature, but it will be removed as a metal oxide molecule 
under ion bombardment. The other interesting property 
17 
of aluminum is its very low sputtering rate. While 
some people have noted the tenacity of the oxide to 
aluminum and postulated that fact as a reason for the 
low sputtering rate, it has been noted that A1 2o3 can 
be sputtered. There appears no real explanation for 
this phenomenon at present. 
The conditions under which aluminum couples were 
bombarded included current densities from 4 to 800 
microarnperes per square centimeter and times from 5 to 
150 minutes. It was noted generally that stronger bonds 
were made at about 300 microamperes per square cm, but 
that suitably strong bonds could be made when the product 
of current densities and time exceeded a minimum value. 
The results of the bonds made on aluminum are given in 
Table 2 and graphically shown in Figure 6. 
The criteria for bond strength in Table 2 are 
similar to those used in Table 1, namely a slight bond 
will transmit rotary motion on the feedthroughs, a weak 
bond will break in delicate handling off the feed-
. throughs, and a strong bond withstands handling and test-
' 
• 
ing. It will also be noted in Table 2 that some of the 
early tests were run at potentials higher than the 
1,000 volts generally used in the later tests. '.'In these 
early runs, we were looking for a rapid onset of adhesion. 
When this did not happen we chose 1,000 volts which has 
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been used by several other investigators in the field. 
Figure 6 shows a threshold for bonding of aluminum 
wires. At currents and times greater than those along 
the line, bonding will occur. At currents and times less 
than those shown, there will be some sticking but no 
bonding. Far below the line even s~i-cking will not be 
evident. 
One of the most interesting results of the • in-
vestigation was the annealing and softening of the 
aluminum test pieces. The temperature was not expected 
· to rise to a point where gra.in growth would be signifi-
cant in 30 to 60 minutes. However, after ion bombard-
ment of only 30 minutes, the wire was dead soft. 
An explanation for the annealing was sought. In 
the early runs that were made, :little attention was paid 
to the test samples since full attention was needed to 
stabilize bombarding pressure, voltage and current. 
When visual observation could finally be made, it was 
usually several minutes after the start of the run. 
When it became obvious that the wire was being annealed, 
visual observation was made immediately upon establish-
ing the discharge glow. In these very early stages of 
bombardment, there was a radiance about the wire sample, 
especially in the area of contact to the high voltage 
lead. This radiance appeared in the early stages of 
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all runs made on aluminum couples, no matter what the 
current density of bombardment. It appeared only in the 
early transient stages of the run and generally disappear-
ed within five minutes. After this early period of radi-
ance the wires exhibited a characteristic shiny metallic 
lustre throughout the remainder of the experiment. 
Conversations with coworkers (22) at Western 
Electric who have had experience sputtering aluminum 
established the cause of the radiance. In the early 
stages of bombardment, both surface adsorbed and bulk 
diffused oxygen are released by the bombardment of the 
argon ions. As the oxygen is bombarded, it too becomes 
ionized, emitting the characteristic pink glow of an 
oxygen discharge. When the sample and surface have been 
completely deoxidized, the test piece loses the pink· 
glow and exhibits the characteristic metallic lustre of 
the clean material at room temperature. Apparently, then, 
the wires did not get hot enough to become incandescent. 
To determine the effect of bombardment on the temp-
erature of the test piece, a sample of the aluminum 
wire was placed on the insulator of one of the feed-
throughs and an iron-constantan thermocouple on the 
insulator of the opposite feedthrough. With the sample 
and thermocouple separated, bombardment would take place 
for the desired time. The voltage would be cut and the 
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sample and thermocouple brought together. The temperature 
would be measured on a Wheelco indicating controller. 
This method of operation - bombard then measure 
temperature - was necessary because of th~ voltage at which 
we ran the sample. If the thermocouple were iri contact 
with the test piece during sputtering, both the thermo-
couple and indicator would be floating at the bombarding 
potential. Unfortunately, the indicator could not take 
these voltages. Therefore we used the above mentioned 
step type method of measuring temperature. 
The error introduced by the time delay in measuring 
the temperature is not significant to this study. We 
were interested in measuring the temperature to within 
zs 0 c, and we believe that has been accomplished. 
The results of the temperature measuring runs are 
shown in Figure 7. The curves have been smoothed, but 
they reflect the thermal behavior of the adhesion surfaces. 
It can be seen from the curves that for bombarding current 
densities up to 500 microamperes per square centimeter 
in aluminum and up to 800 microamperes per square centi-
meter in gold, the temperature does not exceed zoo 0 ct 
Figure 8, a micrograph of the bond formed between ion 
bonbarded aluminum wires bears this out. The grain size 
shows early stages of recrystallization and grain growth 
from the fine grains of the drawn wire, but traces of the 
",····.··.···· .. 
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drawn grain orientation still exist. Regarding the 
boAd itself shown in Figure 8, the interface is still 
visible and contact is at isolated points. The interface, 
however, is much finer than that of the temperature - vac-
uum developed bond shown in Figure 4. The bombardment 
is effective in removing surface contaminants and oxides. 
Why then, did the bombarded aluminum wire feel so 
soft? The answer came from observations of wires under 
bombardment and a temperature annealing study. In some 
of the bombarding runs on aluminum, most notably at the 
high current densities, the pigtail which connected the 
sample to the high voltage plate melted and formed a 
shiny ball at any sharp bend in this pigtail. From the 
geometry of the sample as shown in Figure 3, it is seen 
that there are two components of current in the wire -
the argon ion current normal to the axis of the wire and 
the cumulative ''power supply'' current parallel to the axis 
of the wire. This latter component is a maximum in the 
pigtail, so that the temperature there is much higher 
than the temperature at the adhesion face. 
A study was made to compare the annealing of the 
aluminum wire at various temperatures and bombarding 
conditions. Figure 9, a micrograph of the aluminum as 
drawn, shows the long fine grains expected in such 
material. Figures 4, 10, 11, and 12 show the aluminum 
after three different stages of thermal-vacuum treatment. 
A treatment of 120°c for 18 hours as shown in Figure 10 
provides almost no grain growth. Most certainly, the 
grains are not equiaxed. Figure 11, the aluminum after 
2 hours at zzo 0 c shows early stages of grain growth. 
The fibrous texture of the drawn wire is still an obvious 
matrix for the growing grains. A treatment of 3S0°c for 
24 hours, shown in Figure 12, provides equiaxed grains of 
a very fine size. Figure 4 shows -the bond formed at 
3S0°c for 172 hours. This long thermal treatment gave 
very large, equiaxed grains. 
' 
Samples of the pigtails from ion bombarded aluminum 
samples showed very rapid grain growth. Figure 13, from 
the aluminum bombarded at 400 microamperes per square 
centimeter for 20 minutes shows large equiaxed grains 
extending nearly the full diameter of the wire. Fmgures 
14 and 15 of the aluminum wire bombarded at 800 micro-
amperes per square centimeter for 18.S minutes show very 
large equiaxed grains and grains extending the full diam-
eter of the wire respectively. 
The annealing of the wire is borne out by micro-
hardness readings .. Vickers hardness numbers progressed 
as anticipated from a value of 32.3 for the drawn wire to 
values below 19.6 for the heavily bombarded pigtail and 
the sample joined in vacuum at 3S0°c for 172 hours~ 
I 
1 
I 
1 
I 
k 
• i ~ 
~ 
I 
II 
23 
Further, Guy (23) presents approximate isothermal grain 
growth parameters for pure aluminum. His values indicate 
sluggish grain growth at 400°c but very rapid growth at 
600°C. 
Gold - Gold Couples 
Unlike aluminium, gold is considered to be oxide 
free at moderate temperatures. It sputters very easily 
and is an excellent material with which to work in a 
vacuurrt. 
There were fewer tests run on gold as compared to 
aluminum. From Table 2, it is seen that strong bonds 
could be developed in one hour with bombardment current 
densities of 400 microamperes per square centimeter. 
Figure 16 shows the bond developed in a gold couple after 
ion bombardment. The interface is extremely fine and 
metal to metal contact exists at many isolated points. 
Since there is no oxide, per se, to be removed, the 
bombardment thoroughly cleans the surface of any adsorbed 
contaminants. 
One major difference noted in the behavior of the 
bombarding runs was the development of ''purple plague''. 
When aluminum was run by itself, it ended up shiny and 
bright. When gold was bombarded, it was at the adhesion 
face only. The connections to the high voltage were made 
with aluminum as used in the previous runs. At the 
24 
conclusion of a run, the gold was shiny, but the 
aluminum was coated with a layer of ''Purple Plague.'' 
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DISCUSSION 
Ion boml::>ardment is very ef'f'ective in promoting the adhesion 
.Of' gold and more especially aluminum cQu-ples. In the early stages 
. 
of experimentation, we made attempts to bond one aluminum wire to 
another in an ambient atmosphere. The wires were cleaned ultra-
sonically in isopropyl alcohol. Then, both ultrasonic and thermo-
OOll\pression bonding were attempted over a range of' temperature, con-
tact f'.orce and time. In no case was a durable bond established. 
Some sticking was noted, but the wires separated be£ore a contact 
resistance measurement was made. These cursory runs on existing 
laboratory equipment in a la4borator:r atmosphere had negative results. 
The couples were then exposed to vacuum. The temperature and 
load were increased for longer periods of time. To develop a 
strong bond in either the aluminum couple or the gold couple, the 
conditions were as a minimum, 350°c at 150 grams load for 172 hours 
at 10-6torr. These conditions are not in themselves prohibitive 
but they are more.- severe tr1an anticipated. The long period o~ 
time nee·ded to develop the bond will .. 'mak.e this technique uneconom-
ical in a production process. 
The ion bombardment o-f tl1e ~::4JJ111;inum and gold coupl:.es dispersed 
surface cor1t·aminants and oxides and permitted metal to metal con-
tact across the interface. The temperature of the test piece in 
the adhesion zone did not reach the levels of the vacuum only 
test. There was no appreciable annealing of the wire near the 
interface as evidenced by grain size and microhardness measure-
ments. Thermal activation here seems not nearly as important, 
indeed seems unimportant, when compared to the effects of the ion 
cleaning. 
The next study in this area shov.ld be devoted to ·pinpointing 
the parametric limits of adhesion. The rough limits o:f adhesion 
have been established but there is much more definitive work to 
be done here, especially with moderate (less than 200°0) preheating 
o.f the wires prior to bombardment. 
The results of these studies should be repeatable in any other 
" 
vacuum system. The bombarding currents have been normalized to 
·-
provide a ready re£erence between systems. The contact forces 
are ea.sily attainable. The emperature measurements of the sample 
·sho·uld be do11e continuously in the future. The accuracy achieved, 
particularly in establishing the temperature pro~ile of the sample, 
would be most desirable in understanding dif.ferences·in_grain 
growth for various sections of the sample. 
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CONCLUSIONS 
From the data generated during the course o:r th:is study, the 
::following ,concl.u·sions may be drawn: 
:1.. $·itnple exposure to vacuum is an inef'f'icient method of 
developing adhesion joints. Large mechanical and thermal exercises 
are necessary to bond wires with any reasonabl~ degree of reliability. 
2. Ion bombardment is an effective method of genera.ting fresh 
·met:al surfaces and promoting minimum de:t'orn1ation bonding. The 
·temperature of the adhesion. sar:ple in the test zone is not as high 
as that encountered for simple vacuum bonding. 
,;. These results are not unique to tl1is test system, but 
sho"L.1ld apply to any ion bor11barding sy·stem. By norrrializi:r-1g the 
current densities of bombardment a commonality is established 
between di~ferent bell jars. 
4. From the variation of grain size in different portions 
of tr1e test piece, careful attention must be pa.id to the design 
of trie sample. \vith the higr1 axial currents near the high 
:voltage source, extreme temperature rise, annealing and grain 
growth can be encountered. An increase in grain size was shown 
moving away from the test zone in the wire. 
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ADHESIOfJ BOND, ALUMINUM TO ALUMINUM 
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